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Experimental control of the process of endomixis in Paramecium 
aurelia has been only partly achieved. Jollos (1916), Sonneborn 
(19370) and others have developed methods of inducing endomixis, but 
no method of avoiding it completely is known. Temporary suppres- 
sion of endomixis was probably attained by Jollos (1916); but the 
method employed volumes of culture medium so great as to make it 
impossible to ascertain with reltability whether endomixis was occur- 
ring or not. The present paper sets forth a method that avoids this 
difficulty and provides not only some lines of descent with greatly 
extended interendomictic intervals, but also others that never go into 
endominis. 

The method is based on the observation (Sonneborn, 1937a) that 
the interendomictic interval varies greatly in sister lines cultivated 
under the same conditions. An attempt was therefore made to select 
the lines with the longer intervals. This was done by discarding 
lines as they went into endomixis and replacing them by new lines 
begun with surplus individuals from sister lines that had not yet gone 
into endomixis. When this is done with a group of 12 to 24 daily 
isolation lines cultivated under the conditions employed by Sonneborn 
(1936), the following phenomena occur. At first, none of the lines go 
into endomixis; then, as the “normal” time for endomixis approaches, 
more and more of the lines go into endomixis and have to be replaced 
by their sister lines that have not yet gone into endomixis. During a 
period of several weeks, this high frequency of endomixis continues and 
necessitates equally frequent eliminations and replacements; but dur- 
mg the following few weeks the frequency of endomixis greatly de- 
creases and thereafter occurs but rarely. Selection has thus been 
effective in seeking out lines in which endomixis completely fails to 
occur. However, such lines cannot be continued indefinitely; after 
four or five months they die. 

This method has been successfully applied in this laboratory many 
times and is now a routine technique. As illustrations of the results 
obtainable with it, two typical histories will be given in the following 

76 


da 


ARA ECIUM 


d 


Y, 


NDOM INESTUNOI 


a 
4 
A 


ANOIDANCE ‘Ol 4 


*31N3¡N9-GNS 
y989 pajeunulo] YOY [Enplalpul ¡Buy ay} 0) Aep yszy ay} UO sIxtuopua ul JoUasoId ¡euldro ay) WOJ 
JUIISIP JO BUI] PNP Əy} UT SIXIUOPUA oyy SUOISSY JO JIQUINU əy} BAIS Ç pue ‘q ‘Y SULMO[JO] SIDQUUNU 
DY]  “UOISSY Moya skep OM] 19318 paulvis PUR pay ‘S pue ‘perp ‘q “SIXHUOPua sazyoquiAs gy  *SOIMIIMO 
9IJNOS əy} YIM SOINI[NI-QUS JIDUUOD SIUI [LILIA UNO DY |, “JU9ISIP JO saul] UONIOS! Á[IPp Ju9sa.dos 
soul] JOJUOZIJOY PYOS sy], "D1/948D 14N199UDADF ‘Y BVI UL SIUI] INODNUOPuI- LOU JO ONDAS `P 


SAYO NI SWIL 


























0€! oz! oul oot of 0g OL 09 0S Or oF oz ol o 
A A a a AAAI AAA AAA 
€plj—, 
Lo 
E EER sn 

oan ELE Ea : 
OSEA, ; EN NE a E [ers ' 
occow# ìà EU E eb 3 

; ' , y) G7 3 -—— a PSI ' 

OSE Gp; 2 - Cc OSIJn i , à .. 
aa i A cor geste | ae r (Te ; 
ossaa, ' eaa 0d. ES we | i 
oscar bora it tt TENSE 1 are 

yA 1 t of 1 ; y ae 
a a EE oe 0 — : 
AE cgtar— er ; 
A o ee i i 
bene, 2914 NIZ Cs : 4 
PPA gL OLI i i 
Ae T ee A EE a : ' 

71] AO ji a J 2 LE I ' t 
spé ii cea) a Dam ' 
O ee N23, DR ens o ; 
GHk an OW 3» U >i E > cz:3 a 5 ' 
gram.: ot are] 1 , ' 

ne , k 0p2 3 TRIJE SH Y t i t 
LEG ` z a€ O eais 5 ; ie ` ‘ i : 
orpsee socom Sa E ' 
ponu, 1080 6920 6si— | ; ' 
gfe dr ' E o ea í ' 
ee! : 9225— : 6113 = = - i : 
4, ; ' 813 + OE A ' ; 

HA -i i ¿813 SI ta ' i : ' 
E: i 1 LA z913: O! , ; 
ges : : iS. ¿8139 2% e |, ' ' i 

et ¿id ea) zo : Oba 
A ee o a A ÁS 
, » (ee ' ' 1 ' o aum 
bcra ee e e a a a ' ' nae 

EE MMMM : da, II ' + 

E A A nace toa a ae : ay : 
aco——— EA A A an too e ate ia ! 
LES ar— 1 A  _— _— _ II O AOS/<—> E maa : uela 
A TS T a : ie CU ees 
96€ TEA A : o ‘ : E [E E i Il 

, ' x di G i i > 
Be 2150 SEA i osei e a= 
a eT : A ee OE Obl E de e = a 
CAE (620 + GH 2013 o AAA '! 
geod +} er2d——, OLI, 8013 AAA AAA 
OEE Ocg 8620 _ T S AAA | us y 
SAAR Sua ‘ i : e | St Im : ; 
RA 192 FAA 92 S —— 620——__*— 





ost ozi on ool 06 09 OX 09 95 cp os 02 01 0 


78 T. M. SONNEBORN 


two sections: one of these involves animals of the Johns Hopkins race 
R, reported upon in recent papers by the author and assoctates; the 
other involves animals of Woodrutf's long-lived race, here designated 
W. Yn the third section, the relation of these results to the variability 
of the interendomictic interval is set forth. 


Race R 
igure 1 gives the results of applying the method of selection to a 
eroup of typical lines of race R. The entire group was derived from 
one individual in endomixis April 14, 1935. The original 12 lines 
descended from this individual went into endomixis between the 14th 
and 20th days (after 41 to 63 fissions) following the initial endominis. 


TALEE I 


The frequency of endomixis and of death in relation to the time since the last 
preceding endomixis in races R and W of Paramecium aurelia 























Days since Number of lines Number of 
Race preceding in endomixis per deaths per 
endomixis 100 line-days 100 line-days 
1-13 0 0.8 
14-55 2S 2.6 
R 56-76 6.4 2.4 
17-122 0.6 5.9 
123-130 0 3515 
1-30 0 2.0 
a 31-76 3.8 0.8 
77-130 05 4.8 
131-163 0 13.4 








Each of these lines was replaced at the time of endomixis by a new 
line started with a surplus individual from one of the sister lines that 
had not yet gone into endomixis. By repeating this process of re- 
placement in all the descendant lines whenever endomixis occurred or 
might have occurred, some of the lines lived for as much as 130 days 
(350 fissions) without endominis. 

As shown in Table [, the life of this group of lines fell into five 
periods differing markedly in the frequency of endomixis and death. 
The first period, extending to the 13th day, was characterized by the 
complete absence of endomixis. In the second period, from the 14th 
to 55th days, many lines went into endomixis and had to be replaced. 
The third period, from the 56th to 76th day, was marked by a great 
reduction of the number of lines going into endomixis. In the fourth 
period, from the 77th to 122nd day, only three lines went into endo- 
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mixis, but the number that died or stopped multiplying increased. 
Finally, in the fifth period, from the 123rd to 130th day, no line went 
into endomixis, but the death rate was so high that the group com- 
pletely died out. In Table [, lines which stopped multiplying and 
were found, on staining, not to be in endomixis, are included among 
those which died. Experience showed that this was their usual fate. 

The main feature of the preceding account is that endomixis did 
not occur in certain lines of descent carried through 350 fissions during 
130 days. This was demonstrated by cytological studies. Wach 
line of descent was stained on every day that fission occurred; and if 
fission failed to occur in any line for two successive days the line was 
stained and so brought to an end. Since every line that showed any 
nuclear condition even remotely suggesting endomixis was discarded, 
it is certain that no endomixis was overlooked and that the lines living 
through till the end of the experiment had not experienced endomixis 
during the entire time. 

Race W 

The method of obtaining non-endomictie lines of descent was also 
applied successfully to race W, though here the detailed results differ 
from those obtained with race R. <A typical set of results on race W 
is illustrated by Fig. 2. The group there represented began with four 
individuals in endomixis on February 10, 1935. As shown in Table I, 
the life of this group is divisible into four distinct periods. In the 
first period, extending to the 30th day, there was no endomixis and few 
deaths occurred; in the second period, from the 31st to the 76th day, 
the frequency of endomixis was at its highest and the death rate was 
still low; in the third period, from the 77th to 130th day, there were few 
endomixes (two certainly, and possibly four), but the death rate showed 
a marked increase; in the fourth period, from the 131st to 163rd day, 
there were no further endomixes and the death rate reached its peak, 
resulting in the extermination of the group. 

As in race R, the lines of race W which were carried to the end of 
the experiment showed no endomixis during the entire period of 
observation. Their life without endomixis extended for 163 days and 
included 302 successive fissions. This long period is 55 times as long 
as those reported to be typical for this race by Woodruff and Erdmann 
(1914) and it includes about seven times as many fissions. 

Comparison of the data for the two races given in Table I shows 
that the group of race W lines had a longer initial period without en- 
domixis (30 days as compared with 13), and that it at no time at- 
tained so high a rate of endomixis or death as did the group of race R 
lines. Further, the maximum period without endomixis was longer 
in race W than in race R, but included fewer fissions. 
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Three other races (M, £, and S) have been subjected to the same 
method of selection with similar results. It seems reasonable to sup- 
pose that what has been accomplished in these five races could prob- 
ably be done with most or all races of P. aurelia under similar cultural 
conditions: by selection, lines can be isolated that do without endo- 
mixis throughout their lives a period 3 to 7 times as long as the ordi- 
nary interval between successive endomixes. 


Variability of the Interendomictic Interval 


In the absence of selection, the extent of the period during which 
no nuclear reorganization occurs was shown by Sonneborn (19374) to 
vary greatly. The preceding sections show that still greater vari- 
ability appears when the selection technique is applied. This greater 
variability must be due to the existence of relatively rare lines which, 
without any special experimental treatment, have extremely long 
interendomictic intervals or even fail completely to undergo endomixis. 
Since such lines are very rare, they would ordinarily not be found in 
work where the investigator is able to observe only a small sample of a 
race. The method of selection serves simply to seek out these lines 
and multiply them. Without resorting to any change of cultural 
conditions, it provides a means of obtaining both lines that long omit 
endomixis and lines that omit it entirely. 


SUMMARY 


If daily isolation lines of P. aurelia are regularly discarded as soon 
as they go into endomixis, and if these are then replaced by sister lines 
that have not yet gone into endomixis, it is possible to maintain for 
long periods lines which have not been in endomixis since the start of 
this procedure. With this method there were obtained lines of race R 
which omitted endomixis for as long as 130 days and 350 fissions, and 
lines of race W which omitted endomixis for 163 days and 303 fissions. 
At the end of these long periods, all lines died. 

In the culture of groups of lines selected in this way, there 15 an 
initial period during which endomixis does not occur; this is followed 
by a period in which endomixis occurs in many of the lines (which 
have to be discarded); during the remaining history, endomixis occurs 
rarely and eventually not at all, but the death rate rises and results 
in the final extinction of the group. The details as to the duration 
of these periods and their characteristic death and endomixis rates 
differ in different races. The method of selection emphasizes the 
enormous variability of the interendomictic interval. The extremely 
long intervals are very rare, and the selection method is simply a 
device for finding these rare lines and multiplying them. 


S2 TAM. SONNEDORN 
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